Abstract Oropharyngeal dysphagia (OD) is a very prevalent condition in patients with neurological disorders and in the elderly, and has been shown to play a key role in the pathophysiology of aspiration pneumonia (AP), a frequent and severe complication in patients with OD. The pathophysiology of AP includes three main elements: (1) OD with impaired safety of swallow, aspirations, and frequently, impaired cough reflex; (2) poor oral health and oropharyngeal colonization by respiratory pathogens; and (3) frailty with malnutrition and poor immunity. Respiratory infections and AP lead to readmissions and high mortality among patients at risk, and appropriate management is important to avoid these complications. We have developed a therapeutic intervention including early screening, assessment, and treatment of patients at risk of OD. Those with OD are further assessed and treated for nutritional deficiency, oral hygiene, and oral diseases. This will reduce complications and morbidity and mortality among these patients.
Introduction
The oral cavity plays a key role in deglutition, being the point of entry for nutritional products. In addition, it contains a large, complex community of commensal and potentially pathogenic bacteria, particularly in cases of deficient oral hygiene. When mechanisms of swallowing are impaired and oral hygiene is poor, microorganisms living in the oral cavity can cause respiratory infections and aspiration pneumonia (AP). Oropharyngeal dysphagia (OD) is a swallowing dysfunction that affects many people, patients with neurological diseases and head and neck cancer, and especially, the elderly. It causes two groups of severe complications depending on the cause of the problem. If the patient presents impaired efficacy of swallow, he/she will suffer from malnutrition and dehydration; however, if the patient presents impaired safety of swallow and aspirations, he/she will develop respiratory infections and AP with increased morbidity and mortality [1] . AP occurs when colonized material from the oral cavity (liquids, food, and oral secretions) is aspirated into the lungs and pneumonia develops. The aim of this article is to review the most relevant recent literature to describe standards of practice in the treatment of patients with OD and the prevention of AP.
Oropharyngeal Dysphagia
The prevalence of OD is very high: studies have shown prevalences of 30-40 % in patients aged 65 years or older, up to 44 % in hospitalized patients in an acute geriatric unit (AGU), 60 % in institutionalized elders, more than 30 % in patients with cerebrovascular diseases, 52-82 % in patients with Parkinson disease, and 84 % in patients with Alzheimer disease [2, 3] . OD can be due to structural alterations (Zenker diverticulum, ear, nose, and throat tumors, osteophytes, and stenosis) or can be a side effect of head and neck cancer treatment (radiotherapy), but it is more commonly a functional disorder of the oropharyngeal swallow response caused by systemic or neurological diseases, stroke, or the aging process [4] . OD can impair both the efficacy and the safety of swallow.
The efficacy of swallow is the capacity to ingest all the necessary nutritional components to be well nourished. The main sign of impaired efficacy is oral residue, caused by alterations in bolus propulsion, and can lead to malnutrition and dehydration, causing frailty, sarcopenia, and impaired immunity and functionality [1, 4, 5] . The prevalence of malnutrition among elderly patients with OD is a serious problem and is very high, around 45.3 % in an AGU in patients over 70 years [6] .
The safety of swallow is the capacity to swallow without penetrations or aspirations into the respiratory tract. The impairment of safety is caused by a delay in the protective reflexes in oropharyngeal reconfiguration caused by a slow neural swallow response. It is characterized by penetrations (the bolus penetrates the respiratory tract above the vocal chords) or aspirations (the bolus passes below the vocal folds), and the main complications are respiratory infections and AP [1, 5] .
Aspiration Pneumonia
The pathophysiology of AP can be explained as the combination of risk factors that alter swallowing function, cause aspiration, and predispose the oropharynx to bacterial colonization [7, 8] . They include medication, altered conscience, neurodegenerative diseases, stroke, esophageal diseases, aging, malnutrition, antibiotics, dry mouth, impaired immune system, dehydration, and smoking [9] . We can classify them into three types of risk: (1) OD with impaired safety of swallow (aspirations); (2) frailty and impaired health status (malnutrition, sarcopenia, impaired immunity, comorbidities, and low functionality); and (3) poor oral health and poor oral hygiene with bacterial colonization by respiratory pathogens [10, 11] . Prevention of complications of OD and AP should be directed at all three risk groups. Our research group has been studying the oral health of elderly patients with OD: a first group (n = 50; 70 years or older) showed poor oral hygiene status [69 % had a simplified oral hygiene index score (OHI-S) of 3.1 or greater] and high prevalence of periodontal diseases and caries (93.3 % and 59.2 %, respectively) [12] . A second study found that these patients were more colonized by respiratory pathogens than people without OD (56 % colonization, load 0.43; p \ 0.05 vs controls) [10] .
One of the severest complications of OD is respiratory tract infections, including AP, with high associated mortality. We have recently performed several studies that demonstrated a strong relationship between OD and respiratory complications. In one study with 254 independently living elderly people (aged 70 years or older), the prevalence of OD assessed by the volume-viscosity swallowing test (V-VST) was 23 %, showing that OD is very prevalent in this group. They were followed up for 1 year, and subjects with OD had higher prevalence of lower respiratory tract infections (40 % vs 21.8 %; p [ 0.03; odds ratio 2.39) and malnutrition (26 % vs 11.4 %; p = 0.01; odds ratio 2.72), showing that OD is a risk factor for malnutrition and lower respiratory tract infections [13, 14] . In two studies on elderly patients with communityacquired pneumonia (CAP) admitted to a general hospital, the prevalence of OD was assessed during hospitalization, and 55 % (patients aged 80 years or older) and 52.8 % (patients aged 70 years or older) presented OD. These patients with CAP were followed up for 1 year, and the mortality of patients with OD was higher (55.4 % vs 26.7 %, p = 0.001, in patients aged 80 years or older and 40 % vs 7 %, p = 0.0157, in patients aged 70 years or older). Both studies show that OD is a highly prevalent clinical finding in elderly patients with CAP and is an indicator of disease severity and bad prognosis [15 • , 16] . Another study showed OD increased hospital readmissions for pneumonia and AP. Up to 2,359 elderly patients (aged 70 years or older) from an AGU were screened for OD and followed up for 2 years. OD was present in 47.5 % of the patients, and these patients had more readmissions for pneumonia [6.7 readmissions per 100 patients with OD vs 3.6 readmissions per 100 patients with no OD, incidence rate ratio 1 . Defining AP as pneumonia occurring in patients with swallowing disorders, the Japanese Study Group on Aspiration Pulmonary Disease reported that the proportion of admissions due to AP among all admissions due to pneumonia increases gradually with age, from 0 % in those aged 50 years or younger to as high as 90 % in those aged 90 years or older [18] .
Therapeutic Strategies
To treat OD properly, it must first be screened and diagnosed. Nevertheless, many clinicians and health care providers do not systematically screen and assess patients at Curr Phys Med Rehabil Rep (2013) 1:292-295 293 risk of OD. It follows that OD is left out of medical reports, and complications such as AP are attributed to other etiological factors unrelated to OD [7, 8] . Currently, the main therapeutic strategies against OD are the adaptation of liquid and solid food by adjusting the volume and texture to reduce penetrations and aspirations [2] , postural strategies and maneuvers to compensate biomechanical alterations, and nutritional supplements to avoid or improve malnutrition [19] . However, one of the most important aspects in the pathophysiology of AP, oral colonization, is not being properly screened for or treated with the implementation of oral hygiene. Our group has developed a project to establish a minimal massive intervention (the minimal effective intervention for the maximum number of patients) to avoid complications of OD among all elderly patients (70 years or older) admitted to our hospital. The intervention protocol is being introduced into the main hospital units treating elderly patients at risk of OD (geriatric and neurological units). This intervention consists of screening for OD using the V-VST [20] on admission and discharge, evaluating nutritional status using the MNA-SF [21] and assessing oral health and oral hygiene status with the OHI-S [22] and the presence of periodontal diseases and dental caries. The V-VST is a bedside clinical method which uses different volumes (5, 10, or 20 mL) and viscosities (nectar, liquid, and pudding) administered in a progression of increasing difficulty to protect the patient from aspirations. It combines the use of pulsioximetry to detect silent aspirations and is easy, cheap, and reliable (88.2 % sensitivity for impaired safety, 100 % sensitivity for aspirations, and 64.7 % specificity) [20] . If OD is diagnosed as severe, a second evaluation with videofluoroscopy, the gold standard, is performed using the same progression of boluses as were used in the V-VST, to assess swallowing alterations. Nutritional evaluation is performed by using the MNA-SF, which is a simple questionnaire validated for patients aged 65 years or older and which detects patients at risk of malnutrition or who are malnourished [21] ; additionally, body mass index and bioimpedance are also good indicators of nutritional status. The OHI-S is used to determine the oral hygiene status; it is a simple test which evaluates the level of tooth covering of dental plaque (from 0 to 3) and calculus (from 0 to 3). It can be easily performed at the bedside, and the final result is obtained by adding both variables, which range from 0 to 6 (0 for perfect oral hygiene status and 6 for very poor oral hygiene status) [22] . Once the evaluations have been performed and registered in the medical reports, we provide recommendations to patients and their families on diet adaptations depending on the results of the V-VST and the nutritional evaluation, and good oral health practices to reduce bacterial colonization and avoid respiratory infections. Patients with OD are followed up at four points, at 3, 6, 9, and 12 months, when we assess compliance with the treatment and reevaluate their status at that point. In addition, a registry of readmissions for respiratory infections and pneumonia is collected as are mortality rates. Several studies have demonstrated the importance of oral health care in the management of patients with OD at risk of AP [23] , and recent reviews have concluded that mechanical oral hygiene has a preventive effect on mortality from pneumonia, and decreases the risk of nonfatal pneumonia in elderly patients [24, 25] . An estimated 10 % of deaths from pneumonia in elderly nursing home residents would be prevented by improving oral hygiene [24] . Furthermore, another recent study found that early screening and intensified oral hygiene reduced the incidence of X-ray-verified pneumonia compared with the control group without intervention (7 % vs 28 %; p [ 0.01) [26 • ].
Conclusions
To conclude, we suggest three potential targets to reduce the risk of AP among the phenotype of frail elderly patients: (1) early screening and identification of patients with OD and subsequent treatment using clinical tools applicable in all hospitals and nursing homes; (2) nutritional assessment and treatment of malnutrition; and (3) routine assessment of oral health and appropriate treatment of periodontal diseases. Proper treatment of OD will reduce the incidence of AP, improve prognosis, and reduce the high morbidity and mortality rates.
